We present the results of the northern extension of the H i Parkes Zone of Avoidance Survey, a blind H i survey utilizing the multibeam receiver on the Parkes 64 m telescope. In the two regions studied here, l ¼ 36 -52 and l ¼ 196 -212
INTRODUCTION
The obscuring effects of dust and high stellar density in the Milky Way have historically prevented the detection of galaxies that lie behind the disk of our Galaxy. This zone of avoidance (ZOA) typically comprises more than 20% of the optical extragalactic sky and nearly 10% of the infrared extragalactic sky, although recent surveys have begun to lessen its extent. The presence of the ZOA does not affect extragalactic population studies, as galaxies in the highly obscured ZOA should not differ from those detected in regions of low obscuration. A complete census of galaxies across the Galactic plane is necessary, however, to fully understand the dynamics of the Local Group as well as the large-scale structure of the local universe.
Many early ZOA studies focused on finding a highly obscured, nearby, massive galaxy. Several such galaxies have been found, including Maffei 1 and 2 (Maffei 1968) , Circinus (Freeman et al. 1977) , and Dwingeloo 1 (Kraan-Korteweg et al. 1994) . While the IC 342/Maffei Group and other nearby massive galaxies largely define the motion of the Local Group, the direction of the Local Group acceleration is strongly affected by the full ZOA mass distribution out to 6000 km s À1 (Kolatt et al. 1995) and possibly beyond.
Several attempts have been made in recent years to sample the ZOA more completely. Optical galaxy candidates have been identified by searches of the Palomar Observatory Sky Survey (POSS) prints and Schmidt atlases (see Kraan-Korteweg & Lahav 2000 for a review). Highly obscured galaxies have also been detected in the near-infrared (NIR) and far-infrared by the Deep Near-Infrared Survey of the Southern Sky (DENIS; Schröder et al. 1999) , the Two Micron All Sky Survey (2MASS; Jarrett et al. 2000) , and the Infrared Astronomical Satellite (IRAS ) Sky Survey (e.g., Nakanishi et al. 1997) .
While useful in reducing the size of the ZOA, optical and infrared surveys are ultimately limited by Galactic extinction and source confusion. The most thorough optical searches are complete to an apparent diameter of D ¼ 14 00 and a magnitude of B 25 = 18.5 mag at extinctions of A B 3:0 mag (KraanKorteweg 2000; Woudt & Kraan-Korteweg 2001) . The DIRBE/ IRAS 100 m extinction maps (Schlegel 1998 ) directly measure the dust column density and indicate that A B ! 3.0 mag for 9.5% of the sky, although the data in the Galactic plane are not yet well calibrated. The completeness of infrared surveys of the ZOA is affected primarily by source confusion. Results from the DENIS survey indicate that NIR surveys can easily detect galaxies down to A B $ 10 mag, and the brighter ones far beyond (Schröder et al. 1999) . The 2MASS survey is expected to be complete to 13.5 mag at 2.2 m for the majority of the sky, but for 5 jbj 20
, this completeness drops to 12.1 mag (Jarrett et al. 2000) .
H i emission is not affected by the dust in the Milky Way. Consequently, blind H i surveys provide a unique means by which to identify gas-rich ZOA galaxies. The first blind ZOA H i survey was conducted by Henning (1992) Zwaan et al. 1997) , which intersect with but do not focus on the ZOA. The first systematic H i survey to focus on the optically most opaque part of the ZOA is the Dwingeloo Obscured Galaxies Survey (Henning et al. 1998; Rivers 2000) which sampled the northern ZOA (30 l 220
, jbj 5N25) to velocities of 4000 km s À1 in the Local Group standard of rest with an rms of 40 mJy beam À1 . Each of these surveys has contributed to our understanding of gas-rich galaxies and the structure of the local universe, but all have been limited in either sensitivity or sky coverage.
The 21 cm multibeam receiver (Staveley-Smith et al. 1996 ) on the Parkes 6 64 m telescope is the first instrument capable of conducting both sensitive and large-area blind H i surveys in a reasonable time. Two multibeam surveys commenced in 1997. The H i Parkes All-Sky Survey (HIPASS; see Meyer et al. 2004 ) is a blind H i survey of the sky south of ¼ 25 and has an rms noise of 13 mJy beam À1 . The H i Parkes Zone of Avoidance Survey is a more sensitive (rms ¼ 6 mJy beam À1 ) survey of the region of the Milky Way accessible from Parkes (l ¼ 196 -52 , jbj < 5
). An analysis of shallower data for the southern ZOA (rms ¼ 15 mJy beam À1 , l ¼ 212 -36 ) led to the discovery of 110 galaxies, 67 of which were previously unknown (Henning et al. 2000) . Here we report on the results for the complementary region north of decl. 0 (l ¼ 36 -52 and l ¼ 196 -212 ). The results reported here are, however, at full survey sensitivity (rms ¼ 6 mJy beam À1 ). Although this region overlaps with the Dwingeloo survey, the Parkes survey is much more sensitive and represents the first probe, beyond a few megaparsecs, of this region of the universe, which lies near both the Local and Microscopium voids. Data of similar depth for the remainder of the ZOA (l ¼ 212 -36 ) will be reported elsewhere. In x 2, we describe the observations and the method by which the data were reduced. The galaxy search method, measurement of H i parameters, search results, and survey completeness are discussed in x 3. In x 4, we describe the results of a search for multiwavelength counterparts to the survey galaxies. The largescale structures revealed by the survey are discussed in x 5, and the mass function of the galaxies is discussed in x 6. Throughout the paper, we assume H 0 ¼ 75 km s À1 Mpc À1 .
OBSERVATIONS AND DATA REDUCTION
The observations for the northern extension of the H i Parkes ZOA survey began in 2000 October and were completed in 2002 May. The data were taken at the Parkes 64 m telescope using the 21 cm multibeam receiver, which consists of an array of 13 beams each with two orthogonal linear polarizations and an average beamwidth of 14A3 (FWHM). The multibeam correlator has a bandwidth of 64 MHz and covers the velocity range À1200 km s À1 < cz < 12;700 km s
À1
. The channel spacing is 13.2 km s À1 and the average system temperature is 20 K. The northern ZOA region referred to in this paper lies at declinations k0 and is divided into four fields, each approximately 8
; 10
, as shown in Figure 1 . Each field was scanned 425 times, with a single 8 scan covering a region 1N 7 wide in eight minutes. The central beam for all scans lies along a line of constant Galactic latitude, with each of the 425 scans being separated by 1A4 in latitude. At the midpoint of each scan, the feed angle is 15 with respect to the scan direction so that all 13 beams lie at different latitudes in a minimally redundant fashion. The total integration time is 2100 s beam
. The median rms noise of the four fields after Hanning smoothing is 6.0 mJy beam
. The data were bandpass-corrected, Doppler-corrected, and calibrated using AIPS++ LIVEDATA (Barnes et al. 2001) . Gridding was performed by GRIDZILLA, using a top-hat median gridding algorithm with a top-hat radius of 6 0 (Barnes et al. 2001) . The resulting pixel and beam sizes are 4 0 ; 4 0 and 15A5, respectively. Spectral ringing associated with Galactic H i emission and the baseline ripple associated with strong continuum emission were respectively removed or suppressed using Hanning smoothing and the ''scaled template method'' (see Barnes et al. 2001 ) is also present. These sources of interference can generally be identified by their characteristic frequencies and widths. In the case of recombination lines, they are accompanied by continuum emission from their underlying H ii regions.
GALAXY SEARCH
The four Hanning-smoothed data cubes were visualized using KVIEW in the software package KARMA (Gooch 1996) and were searched by eye; the strong residual baseline ripples prevented the use of automatic galaxy-finding software. The galaxy search was conducted over the full velocity range, . 6 The Parkes Telescope is part of the Australia Telescope, which is funded by the Commonwealth of Australia for operation as a National Facility managed by CSIRO. , although confusion from Galactic emission prevented a complete survey of the region with jvj< 250 km s À1 . All possible planes, right ascensiondeclination, right ascension-velocity, and declination-velocity were examined by three independent parties and a final galaxy list was decided upon by a fourth author.
Determination of H i Properties
The coordinates and spectral characteristics of each galaxy were measured using the program MBSPECT in the software package MIRIAD (Sault et al. 1995) . The galaxy positions were determined by spatially fitting a Gaussian to the velocity-integrated emission of each galaxy. We subsequently used this position in the spectral analysis, where the weighted sum of the emission in each velocity plane was used to form the spectral profile. The total flux was measured by integrating the flux over the galaxy profile. The systemic velocity was taken to be the midpoint of the profile at 50% of the peak flux. The widths at 20% and 50% of the peak flux density were measured using a width-maximizing technique. Due to the large Hanning-smoothed velocity resolution of 27 km s À1 , the velocity widths we measure are broader than the intrinsic widths of the galaxies. The velocity widths at the 20% and 50% peak flux levels were therefore corrected by 21 and 14 km s À1 , respectively (see Henning et al. 2000) . If the H i emission showed no evidence of extension or confusion, we analyzed a region 28 0 around the galaxy. For seven of the galaxies, a narrower box of width 12 0 or 20 0 was used to isolate the galaxy emission from that arising from a neighboring galaxy, which may have led to an underestimation of the total flux. While no galaxies in our survey are clearly extended, we did identify one galaxy that is possibly extended or confused, J1912+02. The spectral fitting for this galaxy was conducted by summing the emission over a 36 0 ; 36 0 box. The position was fitted over a smaller 12 0 ; 12 0 box. Where possible, a first-order baseline was fitted to each profile. For approximately half of the galaxies, however, baseline ripples made a first-order fit unrealistic; for these galaxies, we used the lowest order baseline that gave a reasonable fit. The distance to each galaxy, D ¼ v LG =H 0 , was calculated using its velocity in the Local Group standard of rest, v LG ¼ v hel þ 300 sin l cosb. The H i mass was determined using
where D is the distance in Mpc and F H i is the integrated H i flux in jansky kilometers per second.
To estimate the errors on the H i parameters, we conducted a set of simulations. Each galaxy profile was first smoothed using a Savitzky-Golay smoothing filter (Press et al. 1992, x 14.8) . This least-squares polynomial filter reduces noise while better retaining the higher order characteristics of the spectrum than traditional smoothing techniques. Fifty simulated spectra were then created for each galaxy by adding random Poisson noise to the smoothed galaxy spectrum; the rms of this random noise was set equal to that of the original galaxy spectrum. The errors on the H i parameters were then taken to be the median absolute offsets between the parameters of the 50 simulated spectra, as measured by MBSPECT, and those of the smoothed galaxy profile. The median errors on the peak and integrated flux for the entire sample of galaxies are approximately 9% and 4%, respectively. The median error on the systemic velocity is 3 km s À1 and the median errors on the 50% and 20% velocity widths are 8 and 10 km s À1 , respectively. We note that the error we quote for the integrated flux does not take into account the uncertainty due to baseline subtraction or the uncertainty in calibration; the total errors on the integrated flux are likely to be $10%-15%. We further discuss this method and the dependence of the estimated errors on S=N in Appendix A.
Results
77 definite or probable galaxies were detected, 35 in the l ¼ 36 -52 region and 42 in the l ¼ 196 -212 region. Because adjacent data cubes extend slightly beyond the 8
; 10 boundaries and overlap in Galactic longitude, five galaxies were initially detected twice. Of these, the detection located within the well defined 8
; 10 region of a cube was chosen for the final list. The H i properties of the 77 galaxies are presented in Table 1 . The H i spectra of a subset of the sample are shown in Figure 2 . The set of dotted lines nearest the galaxy spectrum defines the region in which the galaxy profile was measured. A second set of more widely spaced dotted lines indicate the region over which the baseline was fitted. If no second set is present, the baseline Note.-Units of right ascension are hours, minutes, and seconds, and units of declination are degrees, arcminutes, and arcseconds. a The error we estimate for the integrated flux does not take into account the uncertainty due to baseline subtraction or the uncertainty in calibration; the total error on the integrated flux is likely to be $10%-15%.
b The flux was calculated over a smaller region to isolate the galaxy emission from that arising from a nearby galaxy. This may have led to an underestimation of the total flux.
c The 20% velocity width could not be accurately measured.
fit was applied to the entire region displayed. All velocities are given in the optical convention, v ¼ cz.
For several galaxies, a highly variable baseline prevents a convincing spectrum from being attained although the galaxy is clearly present in the data cube. As an example, consider J0623+14, a galaxy that was detected despite its superposition on one of the most extreme ripples that remain in the survey data. Coincidentally, J0623+14 has previously been observed by Arecibo in an H i follow-up survey of Weinberger galaxies (Pantoja et al. 1994 ). Despite the extremely poor baseline we observe, our H i parameters are in satisfactory agreement with the Arecibo H i parameters. The Arecibo flux is higher than what we detect by 14% and the peak flux density is lower by 22%. The most significant difference between our H i properties and those derived from the Arecibo observation is the 50% velocity width; we measure a value of 286 km s À1 whereas Pantoja et al. measure 411 km s À1 . The identification of confused and marginally extended galaxies in our sample is difficult. We expect most normal galaxies to be unresolved in the Parkes beam at the typical distances in this survey, although confusion in the Parkes beam is not unlikely. The H i profile is the best indicator of a confused signal, although a profile can be intrinsically asymmetric, and minor contributions to the H i profile often do not disturb the profile greatly. A possible confusion in the detection can be confirmed by the relative positions and distances of the potential optical and IR counterparts, although background galaxies and H i-poor counterparts make this difficult, as does the high extinction in the ZOA. The unambiguous identification of confused galaxies can therefore only be made by high-resolution follow-up observations.
The mass distribution of the survey galaxies is shown in Figure 3 . The H i masses range from 1:0 ; 10 7 M to 3:6 ; 10 10 M , with a mean mass of 4:3 ; 10 9 M . The distributions of velocities in the Local Group (solid line) and heliocentric (dotted line) standards of rest are shown in Figure 4 . By using the Local Group standard of rest, we remove the effect of the Milky Way's velocity within the Local Group from our velocity and distance determinations. As we are interested in large-scale structures outside of the Local Group, we feel that this is the more appropriate standard of rest. Both the velocities in the Local Group and heliocentric standards of rest have been plotted in Figure 4 , however, for comparison. Distinct peaks can be seen at Local Group standard of rest velocities near 3250, 4750, and 6750 km s À1 in the l ¼ 36 -52 region which seem to be due to filaments crossing the Galactic plane at those velocities (see also Fig. 10 ). The first of these peaks seems to be due to the boundary of the Local Void. The velocity distribution for the l ¼ 196 -212 region seems smoother overall, except for the curious gap around 4500 km s À1 . As will be discussed in
x 5, this structure may be due to the wall of the Canis Major void.
Nearby Galaxies
Of the 77 galaxies detected in this survey, three have systemic velocities of cz < 700 km s À1 . The newly detected galaxy HIZOA J0630+08 (l; b ¼ 203N1; À0N9) has a velocity of only 367 AE 1 km s À1 (see Table 1 ) and could be a high velocity cloud, though its isolation and relative compactness suggest it is more likely a nearby dwarf galaxy. The Galactic extinction toward this galaxy is A B $ 3 mag (Schlegel et al. 1998) . HIZOA J0630+08 may be part of the Orion Group (Giovanelli & Haynes 1981) (Giovanelli 1979; Giovanelli & Haynes 1981; Michel & Huchra 1988; Thuan & Seitzer 1979) . Karachentsev & Musella (1996) give distances of 6:4 AE 2:2 Mpc (Orion Dwarf ) and 5:5 AE 1:9 Mpc (0554+07) assuming Galactic extinctions of 2.7 and 2.9 mag, respectively. At a distance of 6 Mpc the H i mass of HIZOA J0630+08 would be 4 ; 10 7 M . Further investigations of the Orion Group and surroundings are under way.
In addition to HIZOA J0630+08, we detect two other nearby galaxies, HIZOA J1940+11 and HIZOA J1914+10, with systemic velocities of 580 and 654 km s À1 , respectively. For HIZOA J1914+10 we derive an H i mass of M H i ¼ 6:5 ; 10 8 M . This galaxy was previously detected in the Dwingeloo Obscured Galaxies Survey and is known as Dw 044.8-0.5 (Henning et al. 1998; Rivers 2000) . The Galactic extinction in this direction is extremely high, preventing detection of optical or infrared counterparts. For HIZOA J1940+11, a newly cataloged galaxy, we derive an H i mass of only M H i ¼ 4:1 ; 10 7 M . Confirmation of this H i detection would be desirable as it is very weak and found at the edge of our survey field. The Galactic extinction in this direction is A B $ 2 mag (Schlegel et al. 1998 ). Both HIZOA J1940+11 and HIZOA J1914+10 appear isolated, in contrast to HIZOA J0630+08, and lie in the outskirts of the Local Void.
Survv ey Completeness
Our ability to detect a galaxy in the survey depends on both its integrated flux and velocity width. A galaxy with a high total flux and a small to moderate velocity width can be identified most easily; decreasing a galaxy's flux or increasing its velocity width would generally make detection more difficult. This, and previous experience with H i surveys (e.g., Kilborn et al. 2002) , leads us to expect the survey to be approximately mean flux limited, where mean flux is defined here to be the integrated flux divided by the 20% velocity width (or the 50% velocity width in cases where the 20% width is not available). This expectation is confirmed by plotting the number of survey galaxies with a given flux, N(S ), where S is defined to be the mean, integrated, or peak flux density. We find that N(S ) declines most steeply at low fluxes, and therefore best defines the flux cutoff, when the flux is taken to be the mean flux density.
A plot of N(S ) against S is shown in Figure 5 , with S representing the mean flux density as above. It is consistent with a Euclidean power law, N (S) / S À2:5 mean , and a mean flux density completeness limit of 0.022 Jy, assuming approximate spatial homogeneity. The best-fit linear relationship between the mean flux density and peak flux density of galaxies in the survey has a slope of 0.75. The above completeness limit therefore corresponds roughly to a peak flux density completeness limit of 0.029 Jy, which is $5 above the rms noise of the survey, 6.0 mJy.
In Figure 6 , we plot as a solid histogram the area of the survey, A( S ), at or below a given rms noise, S. The number of galaxies detected at or below a given rms noise is also given as a dotted histogram. We conservatively define the effective area of the survey to be the area with an rms noise at or below 0.0073 Jy, 239 deg 2 . Inside this area, the limiting mean flux density of the survey, 0.022 Jy, corresponds to a 3 , or higher, detection (corresponding to 5 , or higher, in peak flux density). This area is less than the nominal survey area of 4 ; 8 ; 10 ¼ 320 deg 2 partly because of edge effects, and partly because of the increased continuum ( particularly residual continuum ripple) along the Galactic plane.
To investigate the effect of the variable rms, we divide the survey into three regions of equal area, but of different rms noise. We again plot N(S ) against S for each of the three regions and fit the differential number counts with a Euclidean power law. We estimate completeness limits of 0.019, 0.020, and 0.026 Jy for the regions of low, medium, and high rms noise, respectively. As expected, the completeness limit increases with rms noise. However, the variation is sufficiently limited that, for the present purposes, a mean completeness limit of 0.022 Jy adequately characterizes the survey.
Finally, it is worth noting that, in addition to good completeness above a mean flux density of 0.022 Jy, this survey is expected to be highly reliable. Galaxy identifications were made by three authors independently, and the final galaxy list was made by a fourth author in a conservative manner, guided by experience gained from follow-up observations of surveys with similar noise characteristics (Henning et al. 2000; Zwaan et al. 2004) . We expect that very few, if any, of the new galaxies presented here will be false detections, and therefore the reliability of the catalog to be close to 100%. Ultimately, however, follow-up H i observations of some weaker objects will be required to ensure that no false detections remain.
MULTIWAVELENGTH COUNTERPARTS
The region of sky covered by the northern ZOA survey overlaps slightly with a number of other surveys. These include four blind H i surveys, the Arecibo Dual Beam Survey (ADBS; , the pilot NRAO 300 ft telescope survey (Henning 1992) , the Dwingeloo Obscured Galaxy Survey (DOGS; Henning et al. 1998; Rivers 2000) , and the H i Parkes Zone of Avoidance Shallow Survey (HIZSS; Henning et al. 2000) , although the overlap with the HIZSS is extremely small. This region also coincides with a number of H i follow-up surveys and several optical surveys, from which the ZOAG (see Lercher et al. 1996) , CGMW (see Roman et al. 2000) , WEIN (Weinberger 1980) , and additional catalogs have been compiled. Significant infrared coverage of these regions has been provided by IRAS and 2MASS.
Counterpart Search
We searched for H i, optical, and infrared counterparts to the northern ZOA galaxies using two methods. We first used mean , has been fitted to the data. The approximate mean flux completeness limit, 0.022 Jy, was determined by averaging the fit of this power law to regions of low, medium, and high rms noise. the NASA/IPAC Extragalactic Database (NED), 7 the 2MASS Extended Source Catalog (XSC), 8 and the IRAS Point Source Catalog (PSC) to conduct an automated search for the nearest potential counterparts to each H i galaxy. The fraction of these counterparts likely to be associated with the H i galaxies was estimated by a simulation, described in Appendix B. Our second approach was to determine the most likely counterparts by searching for and visually inspecting all potential optical and infrared counterparts, including (1) counterparts located further from the H i position than those chosen by our previous search and (2) previously unidentified galaxies in the Digitized Sky Survey (DSS) 9 POSS-II near-infrared, red, and blue images. Any galaxy visible in the DSS bands was classified by us as an optical detection. The visual search is, of course, subject to error; we have tried to minimize this error by having multiple authors participate in the choice of counterparts. Previous investigations of the offset between Parkes H i sources and their counterparts (see Juraszek et al. 2000; Koribalski et al. 2004; Ryan-Weber et al. 2002) indicate that while most counterparts are found within 3 0 , offsets as high as 5 0 are not highly unusual. A conservative search radius of 10 0 was used for the initial searches to ensure that no potential counterparts were missed.
Prevv iously Detected H i Galaxies
Of the 77 galaxies detected here, 20 have been detected previously in H i. We have detected all galaxies from the ADBS, NRAO 300 ft, HIZSS, and DOGS blind H i surveys that lie in our survey region, although J0635+11 was resolved into two galaxies separated by 4 0 by the ADBS. We have also detected several galaxies from follow-up H i surveys. Figure 7 illustrates the difference between our measured systemic H i velocities and the H i velocities given by NED, as well as the fractional differences in flux between our survey and measurements in the literature Pantoja et al. 1997 Pantoja et al. , 1994 Theureau et al. 1998; Henning et al. 2000; Rivers 2000) . The distribution of velocity offsets has a mean of 6 km s À1 and a dispersion of 19 km s À1 . The flux we measure is offset by an average of À16% from the values in the literature, with a dispersion of 32%.
The galaxies with the largest positive and negative flux offsets are HIZOA J0654+08 and HIZOA J0622+11B, respectively. Both were previously observed as part of the Arecibo Dual Beam Survey. The small ADBS flux for HIZOA J0622+11B can potentially be explained by the fact that ADBS flux measurements were underestimated if the source was offset from the beam center (see . We are confident in our fits to both galaxies, and are unable to explain the large positive flux offset of HIZOA J0654+08.
Two of the remaining galaxies for which our flux is significantly higher than that in the literature were identified by the Dwingeloo Obscured Galaxies Survey. Both have strong clean profiles. The discrepancies in flux most likely arise from the conservative way in which the Dwingeloo galaxy fluxes were measured (Rivers 2000 defined the total integrated flux to be the flux inside the N H i ¼ 1:25 ; 10 20 cm À2 contour). Also, as the Dwingeloo fluxes were measured from VLA maps, any extended emission would have been missed by the interferometer.
Results of Counterpart Search
We present in Table 2 the H i counterparts from other surveys of the ZOA galaxies, along with the most likely optical, 2MASS, and IRAS counterparts. For the latter group, we include only those sources that were visually verified to be likely counterparts. Potential counterparts were discarded from this 7 This research has made use NED, which is operated by the Jet Propulsion Laboratory, California Institute of Technology, under contract with the National Aeronautics and Space Administration ( NASA). 8 This publication makes use of data products from the Two Micron All Sky Survey, which is a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, funded by NASA and the National Science Foundation. 9 The Digitized Sky Surveys were produced at the Space Telescope Science Institute under grant NAG W-2166. The images of these surveys are based on photographic data obtained using the Oschin Schmidt Telescope on Palomar Mountain and the UK Schmidt Telescope. The plates were processed into the present compressed digital form with the permission of these institutions. list if they did not appear to be a galaxy, were offset from the H i position by a statistically unlikely amount (k4 0 ), or were of an unlikely galaxy type. In seven cases, the 2MASS counterpart that was chosen by the visual inspection was not the counterpart closest to the H i position. All likely optical and IRAS counterparts (excluding the DSS galaxies which were not found via the automated NED search) were the counterparts nearest the H i position. In Table 3 , we give the positions of the newly detected DSS counterparts.
The spatial distribution of sources with multiwavelength counterparts is shown in Figure 8 , where solid circles represent galaxies with both optical and infrared counterparts, solid triangles represent galaxies with optical counterparts only, and solid stars represent galaxies with infrared counterparts only. H i galaxies with no counterparts are given as crossed open circles. We have overlaid contours of E(BÀV ) on Figure 8 using the DIRBE/IRAS data. Contour values of 1.0 and 3.0 mag were used for the l ¼ 36 -52 region, whereas values of 0.3 and 0.8 mag were used for the contours of the l ¼ 196 -212 region. In summary, 19 of our 77 galaxies have likely optical counterparts, 27 have likely 2MASS counterparts, and 11 have likely IRAS counterparts. In addition, 16 galaxies have likely optical DSS counterparts that are previously uncatalogued. The percentage of counterparts found via the automated search that were still considered likely after a visual verification is roughly consistent with the expected percentages calculated by means of the simulations discussed in Appendix B.
LARGE-SCALE STRUCTURE
The spatial distribution of galaxies in our survey can be found in Figures 9-12 . In Figures 9 and 11 , the H i galaxies detected in our survey are given by solid points. We have plotted as open points all galaxies in the Lyon-Meudon Extragalactic Database (LEDA) 10 with known velocities. In each velocity slice, the galaxies with the lowest velocities are represented by triangles; medium and high velocity galaxies are plotted as squares and circles, respectively. The dotted box outlines the region sampled by our survey. In the cone diagrams of Figures 10 and 12 , the H i galaxies are plotted as solid circles and LEDA galaxies are plotted as open circles. The survey region is again defined by dotted lines. The velocities in Figures 9, 10 , 11, and 12 have been converted to the Local Group standard of rest.
Void parameters are taken from Fairall (1998) and are given in Table 4 .
The l ¼ 36 -52 region lies near several voids, including the Local, Microscopium, and Cygnus voids. At first glance it appears that the galaxies detected in our survey may define the edge of the Local and/or Microscopium voids, but we caution that preliminary results from the full ZOA survey indicate that the number of galaxies rises slightly as one moves from our survey region toward the Local and Microscopium voids before dropping off at Galactic longitudes of 10 < l < 20 . When visualized including even larger areas (not shown here), the nearby detected galaxies that produce the distinct peak around 3000 km s À1 appear to be the smooth continuation of the sine-wave-like feature that can be traced across the whole southern sky ). This wave feature crosses the Milky Way in Puppis and continues toward the Antlia, Hydra, and Centaurus structures before folding back across the Galactic plane in a structure called the Centaurus Wall by Fairall a We see a galaxy at this position but cannot determine whether it is the correct counterpart to the H i galaxy. Fig. 8 .-Spatial distribution of galaxies. H i galaxies with no counterparts are represented by crossed open circles. Solid circles represent galaxies with both optical and infrared counterparts, solid triangles represent galaxies with optical counterparts only, and solid stars represent galaxies with infrared counterparts only. The counterparts used in this plot are only those that remain after the visual verification. The contours superposed on the plot are contours of E(BÀV ) (Schlegel et al. 1998) , with values of 1.0 and 3.0 mag for the l ¼ 36 52 region, and 0.3 and 0.8 mag for the l ¼ 196 212 region.
(1998). This wave encircles the Local Void while crossing the ZOA for a third time toward the region inspected here. The second peak in the velocity distribution around 4500 km s À1 also seems to be due to a clear filament present in both the middle panel of Figure 9 as well as the redshift cones of Figure 10 . Here, the detected galaxies seem to divide the Microscopium and Cygnus/ Delphinus voids, the latter two of which are likely to form one void rather than two distinct voids.
There are several large-scale structures in the vicinity of the l ¼ 196 -212 region, which lies between the Perseus-Pisces supercluster and the Puppis filament. Two of the nearest newly detected galaxies, HIZOA J0700+01 and HIZOA J0705+02, are found within 4.8 and 4.9 Mpc of the center of the Orion void. This void (l; b; cz ¼ 206 ; À2N0; 1500 km s
À1
) was previously thought to have a radius of 750 km s À1 , or 10 Mpc (Fairall 1998) . The LEDA Database, however, contains 42 galaxies that lie between 5 and 10 Mpc of the void center, and two that lie at smaller radii (4.6 and 4.9 Mpc). It therefore appears that the true radius of this void is approximately 5.0 Mpc and that the two galaxies detected here lie along its edge.
The galaxies between 2500 and 5500 km s À1 seem to provide the border of two voids, the Gemini void, now quite prominent in the upper panel of Figure 11 , and the Canis Major void, which now seems slightly smaller and centered at higher latitudes (l; b; cz ¼ 220 ; 0 ; 5000 km s
) as compared to its location as given by Fairall 1998 (l; b; cz ¼ 229
; 5000 km s
). The distinct gap between 4000 and 5000 km s À1 in the velocity distribution (Fig. 4) is due to the fact that the continuous part of the border of the Canis Major void between 4000 and 5000 km s À1 falls just outside of our survey regions and crosses the ZOA at quite constant velocities.
MASS FUNCTION
Over the past several years, a number of attempts have been made to better define the H i mass function. Most recently, the HIPASS Bright Galaxy Catalog (BGC; Zwaan et al. 2003 ) and the ADBS (Rosenberg & Schneider 2002) have been utilized. Prior to these surveys, which cataloged 1000 and 265 galaxies, respectively, the HIPASS SCC (Kilborn 2000) , the HIPASS HIZSS (Henning et al. 2000) , and the AHISS (Zwaan et al. 1997) provided the best estimates to the mass function. The sensitivity and coverage of our survey do not allow us to estimate the mass function any more precisely than these recent measurements, especially at the low-mass end where the slope of the mass function is most uncertain. Determining the mass function is still of interest, however, as it allows an investigation of the comparative mass density and distribution of galaxies in our survey region, as well as a rough comparison with previous estimations.
We calculate the H i mass function in two ways, the standard 1=V max method (Schmidt 1968 ) and a refined 1=V max method (Saunders et al. 1990 ). The latter incorporates the density profile of the galaxies into the calculation to reduce the effect of clustering and large-scale structure. The standard 1=V max method nonparametrically determines the mass function by weighting each galaxy's mass by the inverse of the maximum volume in which it could be detected by the survey. This method, however, is potentially affected by large-scale structure, as it assumes that the galaxy population has a homogeneous distribution. The Saunders et al. method is able to remove the majority of the effects of large-scale structure by first using a maximum likelihood technique to determine the radial density distribution of the sample, p(r). This density profile is used to define an effective volume, V eA ¼ R r max; i 0 r 2 p(r)dr, which replaces V max in the 1=V max method. In both cases, the resulting mass function can be fitted by a Schechter (1976) function:
The H i mass function can be found in Figure 13 , where the data points from the standard 1=V max method are given by circles and the fit by a solid line. The modified 1=V max method is represented by triangular points and a dashed line. For comparison, the H i mass function determined from the BGC has been included on the plot, as a dotted line. Only those galaxies with a mean flux above our completeness limit of 0.022 Jy were included in the mass function calculation. A bin size of 0.5 dex was used for both techniques. For the standard 1=V max method, the points are plotted at the mean mass of the galaxies in each bin. Missing points indicate that we detect no galaxies in that bin. For the modified 1=V max , the points represent the middle of the mass bin. The galaxy J0635+11, which was resolved into two galaxies by the ADBS, does not affect our mass function, as its mean mass falls below our cutoff. For a discussion on the effects of confusion on H i mass functions, see Zwaan et al. (2003) . The Schechter parameters from the two methods as well as the derived H i mass densities can be found in Table 5 . The two methods give similar mass functions, suggesting that largescale structure in these regions does not strongly affect the calculation of the mass function. The largest deviation between the two methods occurs at the high-mass end, where the standard method is in better agreement with the BGC mass function than the modified method. In addition, the standard 1=V max method gives a V =V max h iof 0:54 AE 0:04, indicating that spatial inhomogeneity will not affect the results greatly. Both methods of estimating the mass function give a function that falls below that of the BGC at the low mass end, with the largest discrepancy coming from an underdensity of galaxies of mass M $ 10 8 -10 9 M . This offset may be due to an underdensity of mass in the regions examined. Zwaan et al. (2003) have shown that the four quadrants of the BGC give mass functions with similar values of M Ã but with varying slopes and normalizations with a degree of variation similar to what we observe between our mass function and that derived from the BGC.
We also include in Figure 13 a plot of the mass functions for the two separate survey regions. The l ¼ 36 -52 region is given by circular points and a solid line. region is given by triangles and a dashed line. Due to the low number of galaxies, these mass functions are not highly reliable, but can still be used for general comparison purposes. The mass function for the l ¼ 196 -212 region fits the BGC mass function remarkably well in the high-mass regime, whereas the l ¼ 36 -52 region mass function provides the best fit to the BGC mass function in the low-mass regime.
SUMMARY
We have detected 77 H i galaxies in the northern extension of the Parkes ZOA survey. The survey has a median rms noise of 6.0 mJy beam À1 , is approximately complete to a mean flux density of 22 mJy and has an effective area of 239 deg 2 . Of the 77 galaxies detected here, 19, 27, and 11 have likely optical, 2MASS, and IRAS counterparts already cataloged, respectively. In addition, a further 16 have likely optical counterparts visible in the Digitized Sky Survey. Twenty have been previously detected in H i. The spatial and velocity distributions of the galaxies in the l ¼ 36 -52 region reveal several filaments that cross the Galactic plane, the nearest of which seems to be the continuation of a sine-wave-like feature that can be traced across the whole southern sky. The medium-velocity galaxies in the l ¼ 196 -212 region seem to provide the border of the Gemini and Canis Major voids, whereas the detection of two new low-velocity galaxies within the Orion void help to redefine its radius. Of particular interest is the galaxy HIZOA J0630+08 (l; b ¼ 203 ; À0N9), which has a velocity of 367 AE 1 km s À1 in the heliocentric standard of rest. We suggest that it belongs to the nearby Orion Group which includes a small number of dwarf galaxies. An H i mass function was derived using both the standard 1=V max method and a revised 1=V max method that is less sensitive to large-scale structure. Both methods produce similar mass functions whose normalizations fall slightly below that of the H i Parkes Bright Galaxy Catalog. The observations for the southern Parkes ZOA survey are complete and analysis is currently underway. Upon completion, this survey will be combined with the northern extension studied here, which should considerably increase our understanding of the structure and dynamics of the obscured local universe. Points are plotted at the mean mass within the bin for the standard method and at the mean bin position for the modified method. For both plots, the dotted line represents the mass function from the HIPASS BGC (Zwaan et al. 2003) . We thank the staff of the Parkes radio telescope. Also Will Saunders for his implementation of the maximum likelihood 1=V max method. We gratefully acknowledge financial support from the Australian-American Fulbright Commission (J. L. D.) and CONACYT research grant 40094-F (R. C. K. K. and J. M. I. I.).
APPENDIX A ERRORS IN H i PROFILE PARAMETERS
To estimate the errors on the H i parameters, each galaxy profile was smoothed using a Savitzky-Golay smoothing filter with a smoothing width of eight velocity channels (Press et al. 1992, x 14.8 ). Fifty simulated spectra were then created for each galaxy by adding random Poisson noise to the smoothed galaxy spectrum; the rms of this random noise was set equal to that of the original galaxy spectrum. The errors on the H i parameters were then taken to be the median absolute offsets between the parameters of the 50 simulated spectra and those of the smoothed galaxy spectrum.
To better understand the errors on the H i parameters and the error simulation technique, we investigate below three additional aspects of the error estimation: (1) the effect of signal-tonoise ratio (S=N) on the measured errors, (2) the accuracy of the smoothing filter in preserving the galaxy parameters, and (3) the biases introduced to the errors by the simulation process. We explore these issues using the spectrum of J1853+09, which has a S=N of 24. This spectrum, and the smoothed profile created using the Savitzky-Golay smoothing filter, are shown in Figure 14 . A spectrum with a high S=N was chosen to ensure that the smoothed spectrum, used below as the template, was as representative as possible of a real galaxy profile.
To explore the effect of S=N on the errors, we began by running the error simulation, as described in x 3.1, on the template. The simulation was run 21 times; on each occasion, the rms of the random Poisson noise was adjusted to give a desired S=N. The resulting set of 21 simulations have S=Ns ranging incrementally from 3 to 24. The errors on the H i parameters, as a function of S=N, are given in Figure 15a , where the points represent the median errors and the error bars represent the median absolute value of the errors (in both the +y and Ày directions). The errors begin to rise at a S= N of 10, and do so quite substantially for S=N < 5. This result is in agreement with that of Roth et al. (1994) , who performed a similar set of simulations and found that the errors on H i line widths are particularly unreliable for S=N < 5. Of the 77 galaxies in our survey, none have a peak S=N < 5, 21 have 5 < S=N < 10, and 56 have S= N > 10.
Each of the 21 error simulations described above created 50 simulated galaxy profiles with a given S= N. To investigate the ability of the smoothing filter to preserve the galaxy profile, we next smoothed each set of 50 simulated profiles using the Savitzky-Golay smoothing filter. The H i parameters of the smoothed spectra were then measured by MBSPECT. Figure 15b illustrates the difference between the H i parameters of the spectra for which noise was added and then removed and the H i parameters of the original smoothed profile. There are several systematic offsets. For S=N ! 6, the peak flux density from the simulated profiles is lower than the peak flux density of the original smoothed profile, as expected from the smoothing process. This offset is quite low, however, tending toward 5% at high S=N. The total flux, systemic velocity, 50% velocity width, and 20% velocity widths are all slightly larger in the simulated smoothed profiles, but remain relatively constant down to S=Ns of 5, below which the differences in peak flux density, total flux, and 20% velocity width increase. While it is not surprising that the smoothing filter increases the total flux and velocity widths, the increase in the systemic velocity is unexpected. This change, however, is due to the particular spectrum being used here, and will likely vary with different profiles. As can be seen in Figure 14 , the overestimation of the velocity at the highvelocity end of the profile is larger than the underestimation at the low-velocity end, leading to a slight ($2 km s À1 ) overestimation of the systemic velocity.
Finally, we investigate how the changes in smoothed parameters discussed above affect the error estimation. To do so, the error simulations were run on each of the 50 simulated galaxy profiles with a given S= N. Recall that these 50 simulated spectra were created by adding random noise with a given rms to the template. By running the simulations on these 50 profiles, we remove the noise that we added (the step explored in the last paragraph) and then re-add it to the smoothed spectra. If no biases are introduced by the simulation process, the errors now measured should be equal to the errors estimated by running the simulations on the original spectrum of J1853+09. Figure 15c illustrates the differences between the errors derived from the simulated profiles and those estimated from the template. The largest bias introduced by the simulation process is the underestimation of the error on the 20% velocity width for spectra with low S=Ns. At S= N ! 10, the error on the peak flux is overestimated by $1.6% and the error on the total flux is underestimated by $0.8%. The errors on the systemic velocity, 50% velocity width, and 20% velocity width are offset by an average of À0.2, À0.9, and 0.2 km s À1 . At moderate to high S=N, these offsets are all well within the median errors measured for the galaxies in this sample (see x 3.1), confirming the reliability of this process in estimating errors.
APPENDIX B COUNTERPART LIKELIHOOD SIMULATIONS
To investigate the likelihood that the nearest potential optical and infrared counterparts within both 3 0 and 5 0 of the H i position are real counterparts of the H i galaxies, a simulation was performed. In this simulation, fiducial H i detections were placed across our survey region. The positions of these simulated detections were defined by a grid of 120 positions at 20 0 intervals surrounding each of the 77 galaxies. Using NED, the 2MASS XSC, and the IRAS PSC, counterparts of these false objects were searched for. By measuring the number of objects near these random positions, we determined the number of spurious counterparts expected for our real galaxies, and thus the probability, P, that the potential counterparts we detect are in fact related to the H i galaxies:
N unrelated ¼ N simulated galaxies with a potential counterpart N simulated galaxies ; N galaxies in survey region :
We note that galaxies with low fluxes or large extents often have higher positional errors than bright and/or compact galaxies; the positional uncertainty of a given source is roughly the gridded Parkes beam, 15A5, divided by the S=N. The probabilities given by these simulations are for the entire sample; the above effect will cause slight variations among individual galaxies. The simulations were run separately for the two regions of the survey as the density and therefore reliability of counterparts is field dependent. The difference between simulations with different degrees of clustering around the real H i sample was used to evaluate the approximate errors on the estimated counterpart likelihoods, P, $AE10%.
We present in Table B1 the results of the counterpart likelihood simulations. The percentage of counterparts found via the automated search that were still considered likely after a visual verification is roughly consistent with the expected percentages calculated by means of the simulations. The number of likely counterparts to the galaxies in the l ¼ 196 -212 region is substantially higher than that of the galaxies in the l ¼ 36 -52 region. The difference between the number of potential counterparts in the two survey regions can be attributed to the lower extinction in the latter field. Using the 100 m DIRBE/IRAS data (Schlegel et al. 1998) , we calculate mean B-band extinctions of 12.0 and 3.2 mag over the l ¼ 36 -52 and l ¼ 196 -212 regions, respectively. This point is further illustrated by the E(BÀV ) contours plotted on Figure 8 . Although this data are not well calibrated in the Galactic plane, they are still useful for general comparison purposes. a Number(%) gives the number and percentage of counterparts found via the automated search that remain on our list of likely counterparts (and are therefore in Table 3 ) following a visual inspection of all possible counterparts. In seven cases, the most likely 2MASS counterpart was not the nearest 2MASS counterpart to the H i position and therefore was not the one found during our automated search. DSS galaxies were also not found via the automated search, nor was PGC 3097165.
